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Abstract
The Nurturing Care Framework (NCF) calls for establishing a global monitoring and
accountability systems for early childhood development (ECD). Major gaps to build
low-cost and large-scale ECD monitoring systems at the local level remain. In this
manuscript, we describe the process of selecting nurturing care indicators at the
municipal level from existing routine information systems to develop the Brazilian
Early Childhood Friendly Index (IMAPI). Three methodological steps developed
through a participatory decision-making process were followed. First, a literature
review identified potential indicators to translate the NCF domains. Four technical
panels composed of stakeholders from federal, state and municipal levels were
consulted to identify data sources, their availability at the municipal level and the
strengths and weakness of each potential indicator. Second, national and interna-
tional ECD experts participated in two surveys to score, following a SMART
approach, the expected performance of each nurturing care indicator. This informa-
tion was used to develop analytical weights for each indicator. Third, informed by
strengths and weaknesses pointed out in the previous steps, the IMAPI team reached
consensus on 31 nurturing care indicators across the five NCF domains (Good health
[n = 14], Adequate nutrition [4], Responsive caregiving [1], Opportunities for early
learning [7] and Security and safety [4]). IMAPI represents the first attempt to select
nurturing care indicators at the municipal level using data from existing routine infor-
mation systems.
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1 | INTRODUCTION
Optimal early childhood development (ECD) follows a gradual pro-
cess that is contingent on children and their families having access
to nurturing care environments needed by children to reach their
full motor, language, socio-emotional and cognitive development
(Black et al., 2017; Shonkoff et al., 2012). Nurturing care is defined
as an environment that is responsive, emotionally supportive,
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sensitive to children's health and nutritional needs and develop-
mentally appropriate and stimulating, with opportunities for play
and exploration, protecting children from adversities (Britto
et al., 2017). The WHO/UNICEF/World Bank Nurturing Care
Framework (NCF) translated this evidence into five essential
domains (i.e. Good health, Adequate nutrition, , Responsive caregiv-
ing, Opportunities for early learning, and Security and safety) and
calls for establishing global monitoring based on the principles of
equity, integrity and social justice to achieve the 2030 Sustainable
Development Goals (Black et al., 2017; Morris et al., 2017; Richter
et al., 2016).
Efforts to build large-scale ECD monitoring systems based on the
NCF have happened to a limited extent at the national level (World
Health Organization, World Bank Group, & United Nations Children's
Fund, 2019), and very few countries have done it at the state levels.
At the national level, the most visible effort at mapping national data
comes from an effort launched in 2019 by the United Nations
Children's Fund (UNICEF) in partnership with Countdown to 2030 for
Women's, Children's and Adolescents' Health. It involves mapping
‘common indicators’ into country profiles following the NCF.
Currently, 138 low- and middle-income countries have NCF country
profiles. Although undoubtedly this initiative is key for global ECD
advocacy, a major gap remains on how to monitor nurturing care indi-
cators at the state and municipal levels, or even smaller geopolitical
units in the countries (Köhler & Eriksson, 2018). Considering the chal-
lenge for countries to collect primary data to monitor the complex
and multisectoral NCF, the use of public domain routine information
systems from different sectors including education, health, nutrition,
social security, law enforcement and child protection presents a great
opportunity to build a useful and sustainable large-scale ECD monitor-
ing system. However, this is challenging because monitoring NCF
requires integrating large amounts of reliable data at the municipal
level (Cavallera et al., 2019; World Health Organization, United
Nations Children's Fund, World Bank Group, Early Childhood
Development Action Network, & Partnership for Maternal Newborn
and Child Health, 2019).
In this context, Brazil, which is the largest and the most popu-
lous country in Latin America (with 211 million inhabitants), provides
an important opportunity for testing a municipal-level ECD index
because the operationalization of ECD programmes occurs across
5570 municipalities in the context of great socio-economic and envi-
ronmental disparities (Aristides dos Santos et al., 2019). Hence,
translating and operationalizing the NCF into integrated ECD strate-
gies through effective actions according to the needs and specific
determinants of each community is a major challenge. Furthermore,
over the past 33 years, three legal frameworks aimed at guarantee-
ing the rights of children have been created—the Federal Constitu-
tion of 1988, the 1990 Child and Adolescent Statute and the 2016
Legal Framework for Early Childhood. As a result, in recent years,
the ECD agenda in the country has expanded greatly, and invest-
ments made in programmes focused on ECD, such as Criança Feliz
(‘Happy Child’), a home visiting programme that has already
reached about 3000 Brazilian municipalities (Buccini et al., 2021;
Girade, 2018). Furthermore, Brazil has a large volume of high-quality
public information databases on health, education and social devel-
opment (including cash transfer programmes); however, data integra-
tion for nurturing care monitoring purposes does not exist at any
level of government. Thus, we aimed to describe the process of
identifying and selecting nurturing care indicators at the municipal
level from existing Brazilian databases to develop the Brazilian Early
Childhood Friendly Municipal Index (IMAPI, ‘Índice Município Amigo
da Primeira Infância’).
2 | METHODS
IMAPI was developed following a systematic methodology (Figure 1).
In this manuscript, we describe the participatory decision-making pro-
cess used in the first three methodological steps to identify and select
nurturing care indicators at the municipal level. The name of indicators
is reported as ‘indicator name’ throughout.
2.1 | Participatory decision-making process
A multisectoral and participatory decision-making process was
designed to facilitate group communication and to reach consensus
on the nurturing care indicators in Brazil. Consultative participatory
methods have been used to enhance transparency, accountability,
equity and efficiency in the decision-making process, which are ade-
quate to identify and select nurturing care indicators (Devente
et al., 2016; Elwyn et al., 2017; Okoli & Pawlowski, 2004). In this
study, the participatory decision-making process included consulta-
tions with participants within each of the three methodological steps
(Figure 2).
Key messages
• The Nurturing Care Framework (NCF) calls for esta-
blishing monitoring systems for early childhood develop-
ment (ECD) to achieve the 2030 Sustainable
Development Goals.
• A three-step participatory methodological process was
designed and piloted to select municipal-level nurturing
care indicators using a routine information system.
• Brazil is an important country to identify municipal-level
nurturing care indicators because the implementation of
ECD programmes happens across its 5570 municipalities
in the context of great inequities.
• The Brazilian Early Childhood Friendly Municipal Index
(IMAPI) represents the first attempt to select nurturing
care indicators at the municipal level using existing rou-
tine information systems.
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2.1.1 | Participants selection and characteristics
Technical stakeholders, experts and the IMAPI team engaged in the
different steps of the participatory decision-making process
(Figure 2). Detail on participants' institutions is described in Table S1.
In Step 1, technical panels were convened to identify nurturing care
indicators as well as routine information systems available at the
municipal level. A formal invitation describing the technical panel's
goals and characteristics of individuals who could serve as a partici-
pant was sent to government institutions (n = 15) as well as non-
government institutions (n = 4). Each institution could determine and
recommend one or more participants based on the technical panels'
goals. Although the number of participants varied across technical
panels, all invited institutions sent at least one participant. Technical
panel participants were individuals that managed or had in-depth
knowledge of national databases with information about health, edu-
cation and social development in Brazil. In Step 2, expert surveys
were designed to validate the selection of municipal-level nurturing
care indicators and score each of the SMART attributes to inform an
evidence-based analytical weight per indicator. Invited experts were
identified within the Brazilian and international institutions and
networks highly engaged with ECD programming in Brazil. Expert
surveys' participants included individuals with experience in ECD and
public policy, who had in-depth knowledge of the socio-economic,
geographical and political context of Brazil. Fourteen experts were
invited by email, and 12 accepted the invitation to participate. Of
those, 11 experts participated in the first survey, and seven in the
second survey. In Steps 1–3, the IMAPI team engaged throughout
the participatory decision-making process. Each of the four rounds
started with an input statement, which consisted of a list of nurturing
indicators named ‘ECD Indicators Versions 1–4’ produced by the
IMAPI team. At the end of each round, this list of nurturing care indi-
cators was revised by the IMAPI team to summarize modifications
and consensus within that round, which generated an output state-
ment, which, in turn, became the input statement for the next round.
The IMAPI team was composed of the principal investigators,
research assistants and senior advisors who collectively had expertise
in epidemiology, maternal–child nutrition, implementation science
and data science and machine learning.
Step 1. Conceptual model
This step aimed to use the NCF conceptual framework to identify
potential nurturing care indicators at the municipal level. Initially,
the first author generated an input statement with an initial list of
indicators (ECD Indicators Version 1) based on a careful review of
documents and technical materials measuring actions and policies
for early childhood, such as Countdown 2030, World Bank, World
Health Organization, NCF website and S~ao Paulo Early Childhood
Index (IPPI) (Naudeau et al., 2011; SEADE, 2017; UNICEF and &
Countdown to 2030, 2019; World Health Organization, United
Nations Children's Fund, & World Bank Group, 2018). At this stage,
the goal was to collect the largest number of potential indicators;
thus, we included indicators that contributed to any of one of the
five domains of the NCF, operationalized as follows: Good health
(indicators related to healthcare from prenatal to the first years of
life), Adequate nutrition (indicators related to the promotion of
healthy eating, access to food and child nutrition), Responsive care-
giving (indicators related to family skills and child care in the home
environment), Opportunities for early learning (indicators related to
the access and quality of formal education) and Security and safety
(indicators related to protections or vulnerabilities to which the
child may be exposed in the family or community environment).
Indicators considered important for placing the NCF into the diverse
municipal contexts were allocated to the category of ‘additional
indicators’ (e.g. population size and the region of the country),
which also underwent revisions, additions or removal following the
same methods followed for the selection of the nurturing care indi-
cators. Second, in Round 1, the IMAPI team discussed the ‘ECD
Indicators Version 1’ based on the following questions: (i) Does the
indicator evaluate the enabling environment for ECD in one of the
five domains of NCF? (ii) Does the indicator complement informa-
tion about the enabling environment for ECD? (iii) Which of the five
NCF domains does the indicator belong to? (iv) Does the indicator
need to be modified or removed as it does not suit the Brazilian
municipal context? These questions guided the IMAPI team to reach
a consensus on modifications to each indicator. At the end of this
F IGURE 1 Systematic methodology to develop the Brazilian Early
Childhood Friendly Municipality Index (IMAPI)
BUCCINI ET AL. 3 of 19
round, the IMAPI team summarized the consensual modifications
that generated a revised list of nurturing care indicators, the ‘ECD
Indicators Version 2’ (Figure 2). Third, Round 2 was composed of
four technical panels to discuss the availability of the indicator at
the municipal level, identification of data sources and calculation
method (i.e. definition of the numerator and denominator to gener-
ate each indicator), as well as list possible weaknesses of each indi-
cator and suggestions of potential new indicators. Consensus was
reached when participants in the technical panels did not have
more concerns or suggestions about an indicator or NCF domain.
At the end of this round, the IMAPI team summarized the consen-
sual modifications that generated the ‘ECD Indicators Version 3’
(Figure 2).
Step 2. Analytical weight
This step aimed to estimate an analytical weight for each municipal-
level nurturing care indicator following a SMART process. Because
the NCF assumes that all domains have the same level of impor-
tance, the purpose of the analytical weighting exercise was to
improve reliability when generating IMAPI indexes by giving higher
performance analytical weight to indicators with better data quality
attributes (Köhler, 2016; OECD, 2008). Additional indicators were
not included in the calculation of IMAPI indexes; thus, they did not
receive scores for analytical weight. Round 3 was composed of two
surveys for experts following a SMART approach (Centers for
Disease Control, 2011). Surveys were set up into an Excel
spreadsheet using the indicators listed in the ‘ECD indicators
Version 3’ and were sent by email to experts. A detailed methodo-
logical note on how questions were asked and analysed can be
found in Table S3. Briefly, in the first survey, criterion ‘S’ (Specific)
assessed the specificity of each indicator allocation across the NCF
domains and was confirmed by the percentage of agreement among
experts. This information was used to assure appropriate weighting
procedures by confirming the appropriate allocation of each indica-
tor in the NCF domain. Experts' consensual modifications or sugges-
tions regarding the indicators were summarized by the IMAPI team
in the ‘ECD Indicators Version 4’ (Figure 2). Criterion ‘M’
(Measurable) was assessed jointly by experts and the IMAPI team.
Experts ranked 1 (lowest) to 5 (highest) the importance of four qual-
ity attributes for each indicator: periodicity of data (M1 Periodicity),
data source (M1 Source), access to data (M1 Access) population pro-
file (M1 Population profile). Then, the four quality attributes were
assessed for each indicator by the IMAPI team by scoring 1 (lowest)
to 5 (highest) (i.e. generating weights [W] for Periodicity, Source,
Access and Population profile for each indicator). Criterion M for
each indicator consisted of the average of M1 and W1 of each qual-
ity attribute. The second survey consisted of scoring A, R and T
criteria from score 0 (lowest) to 5 (highest) in relation to governance
needed for modifying the nurturing care indicators for achieving
greater impact on ECD outcomes at the municipal level (criterion
‘A’, Achievable), the extent to which changes in the indicators have
the potential to directly impact ECD (criterion ‘R’, Relevant) and the
F IGURE 2 Participatory decision-making
process used in the three methodological steps to
identify and reach consensus on nurturing care
indicators at the municipal level in Brazil
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time that improvements in an indicator would take to positively
impact ECD (criterion ‘T’, Time-bound).
Survey analysis informed the development of the formula to esti-
mate the analytical weight per nurturing care indicator (OECD, 2008),
as follows: Indicatorweight = [criterion M + criterion A + criterion
R + criterion T]/4. Indicator analytical weight can range from 1 (low) to
5 (high) performance. The average of M, A, R and T criteria for each
domain was used to identify indicators with best quality performances
(i.e. greater than the mean of the domain) and worst performances
(i.e. less than the mean of the domain) by NCF domains. Any indicator
added after the determination of SMART analytical weights received
the average analytical weight of the domain the new indicator was
allocated, as indicated in Table 1.
Step 3. IMAPI indicators
This step aimed to reach a final consensus on IMAPI's municipal-
level nurturing care indicators. In Round 4, the IMAPI team discussed
the indicators listed in ‘ECD Indicators Version 4’ and summarized
strengths and weaknesses for each indicator pointed out in the pre-
vious steps by the technical panels and expert surveys (Figure 2).
Considering the need for at least two indicators to compute NCF
domain indexes, the IMAPI team balanced the number of indicators
across NCF domains, that is, if there were less than two indicators,
then new potential indicators not analysed in the previous steps
were considered. The IMAPI team reviewed notes on all indicators
discussed in the previous steps to identify new potential indicators
and reached a consensus on the best options with the senior advi-
sors (RPE and SIV). The new potential indicators were included if
they fulfilled the criteria of translating one of the NCF domain and
were available at the municipal level. Based on these analyses, each
indicator within each NCF domain was either included, relabelled to
clarify the construct it was intended to represent or excluded due
to the non-availability of the database after multiple attempts.
Importantly, data access and extraction started early in the decision-
making process, that is, since the first technical panel, allowing
various attempts to request the database over the project's
timeframe. During data extraction, data quality was scored by the
IMAPI team through the SMART surveys following the four quality
attributes for each indicator (periodicity of data, data source, type of
access to data and population profile). Although data quality did not
drive the decision-making process regarding inclusion/exclusion of
an indicator, it did drive how the IMAPI team defined the calculation
method, that is, ways to aggregate data to improve quality. At the
end of this round, the IMAPI team reached consensus on the final
list of nurturing care indicators and their calculation method and
generated the final report ‘ECD Indicators Version 5’ providing the
following information for each indicator: (i) Name of indicator
(ii) Technical definition, (iii) Theoretical justification of its influence
on ECD, (iv) Calculation method, (v) Interpretation, (vi) Source of
information (i.e. the database of reference) and (viii) Year of refer-
ence (i.e. the year in which the information was collected). The final
set of indicators were presented to and endorsed by the senior
advisors (RPE and SV).
3 | RESULTS
Step 1. Round 1 started with 67 potential indicators identified
through document review and finalized with 48 indicators
allocated to NCF domains. Indicators were excluded if they
did not discriminate among Brazilian municipalities. For
example, in Brazil access to HIV treatment is free and univer-
sal; hence, this indicator is homogeneous across municipali-
ties. In Round 2, after four technical panels, a total of
35 indicators were preselected across the NCF domains—
Good health (n = 16), Adequate nutrition (n = 3), Responsive
caregiving (n = 6), Opportunities for early learning (n = 4) and
Security and safety (n = 6) (Figure 2).
Step 2. In Round 3, experts reclassified three indicators into another
NCF domain (criterion S, Indicator Allocation). Greater impor-
tance was given to the attribute population profile
(i.e. population representativeness) (mean = 4.55), followed
by access to data (4.45), periodicity (4.20) and data source
(4.09). Most indicators had national representativeness
(n = 24 out of 31), and if they were available for download via
the Internet (n = 22) at least once per year (n = 23), they
received the highest scores for population profile, data access
and periodicity, respectively. Only two indicators (‘household
food insecurity’ and ‘air pollution’) were cross-sectional
research projections (i.e. the use of statistical models to pre-
dict municipal-level indicators) and for this reason received
the lowest scores for data source (criterion M, Indicator Char-
acteristics). Changes in 18 indicators out of 31were consid-
ered achievable within the municipal-level governance
(criterion A, Achievable); 14 indicators were considered more
relevant for changes in ECD (criterion R, Outcome Impacts);
changes in 17 indicators were considered to lead to short-
term ECD outcome improvements (criterion T, Time for
impact). Final analytical weights for each indicator were gen-
erated (Table 1).
Step 3. Table S2 shows in full detail the process followed to
include, relabel or exclude indicators. On Round 4, examin-
ing the balance of indicators across NCF domains, the
IMAPI team focused on identifying indicators for the
domains with fewer indicators such as Security and safety
and Responsive caregiving domains. Although we did not
identify any new indicator for responsive care, we identi-
fied ‘Homicides’ as a proxy of community violence/safety,
which was included in the Security and safety domain. At
the end of this round, the IMAPI team reached a final con-
sensus on 31 indicators that were allocated into the five
domains of the NCF (Good health [n = 14], Adequate nutri-
tion [4], Responsive caregiving [1], Opportunities for early
learning [7] and Security and safety [4]) (Box 1). Thirteen
additional indicators not allocated into NCF domains were
also selected to characterize municipalities' context
(e.g. total population and the proportion of children under
5 years old).
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TABLE 1 Results of the SMART methodology to generate the analytical weight for each Early Childhood Friendly Municipal Index (IMAPI)
nurturing care indicator in Brazil
Nurturing Care domain Nurturing care indicators
Criteria average
SMART analytical weightM A R T
Good health Prenatal care consultations 4.66 4.43 3.86 3.86 4.20
Early start of prenatal care 4.66 4.29 3.86 3.86 4.17
Congenital syphilis 4.16 4.00 3.86 3.86 3.97
C-section 4.66 3.29 3.43 2.14 3.38
Home visits in the first 10 days of child's life 3.66 4.43 4.43 4.43 4.24
Child hospitalization for pneumonia
or gastroenteritis
3.91 3.71 3.00 3.29 3.48
Prematurity 4.66 3.71 4.43 4.14 3.99
Low birth weight 4.66 3.71 4.43 4.14 4.24
Child mortality 4.66 3.71 4.14 3.00 3.88
Preventable deaths in children under 1 year old 4.66 3.86 4.00 3.29 3.95
Adolescent pregnancy 4.66 3.57 4.43 3.29 4.24
Maternal mortality 4.66 3.57 4.43 2.43 3.77
Coverage of child immunization 3.91 4.43 4.00 3.57 3.98
Coverage of primary healthcare 4.16 4.57 4.14 3.00 3.97
Adequate nutrition Coverage of information on child food consumption 3.66 4.14 3.14 2.14 3.27
Coverage of information on child nutritional status 3.66 4.00 3.43 2.43 3.86
Severe household food insecurity 3.16 3.00 4.86 4.43 3.72
Brazilian breastfeeding and feeding strategy a 4.16 4.29 3.71 2.71 3.38
Responsive caregiving Visits by national home-visiting parenting
skills programmec
3.91 3.86 4.00 3.00 3.69
Opportunities for early learning Coverage of daycare and preschool 4.16 3.86 4.14 3.00 3.79
Number of students per daycare professional 4.41 4.00 3.86 3.00 3.82
Number of students per preschool professional 4.41 3.86 4.00 2.71 3.75
Percentage of qualified daycare teachers 4.41 3.43 4.00 3.00 3.71
Percentage of qualified preschool teachers 4.41 3.29 4.00 3.00 3.68
Daycare educational resources 4.41 4.14 4.00 2.43 3.75
Preschool educational resources 4.41 4.14 4.14 2.43 3.78
Security and safety Notification of violence against children 4.16 4.00 4.57 4.14 3.94
Notification of violence against women 4.16 4.14 4.43 3.57 2.71
Coverage of the national conditional cash
transfer programmeb
3.91 3.71 4.00 4.14 4.08
Air pollution 3.41 3.00 2.86 1.57 4.22
Homicidesd 3.91 3.71 3.97 3.36 3.74
Notes: Bold values were equal or greater than the mean of the domain (best results), and those not in bold were less than the mean of domain (worst
results). Criterion M means (good health = 4.41; adequate nutrition = 3.66; responsive caregiving = 3.91; opportunities for early learning = 4.37; security
and safety = 3.91); Criterion A means (good health = 3.95; adequate nutrition = 3.86; responsive caregiving = 3.86; opportunities for early learning = 3.82;
security and safety = 3.71); Criterion R means (good health = 4.03; adequate nutrition = 3.79; responsive caregiving = 4.00; opportunities for early
learning = 4.02; security and safety = 3.97); Criterion T means (good health = 3.45; adequate nutrition = 2.93; responsive caregiving = 3.00; opportunities
for early learning = 2.80; security and safety = 3.36).
a Estratégia Amamenta e Alimenta Brasil.
b Programa Bolsa Família.
c Programa Criança Feliz.
d indicator added after the determination of SMART analytical weights, thus it received the average analytical weight of the domain.
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4 | DISCUSSION
As far as we know, IMAPI represents the first attempt to identify nur-
turing care indicators at the municipal level using routine information
systems. Although other experiences measuring the environment for
ECD (SEADE, 2017; UNICEF and & Countdown to 2030, 2019) or
child health (Lennart Köhler & Eriksson, 2018) exist, none had used
indicators at the municipal level based on the comprehensive NCF
constructed into a single index as IMAPI does. IMAPI responds to the
global call for developing data science initiatives to support local
levels in promoting nurturing care (Richter et al., 2019; World Health
Organization, World Bank Group, & United Nations Children's
Fund, 2019). Our study is innovative because IMAPI not only devel-
oped a specific protocol for measuring NCF at the municipal level but
also piloted it in the Brazilian context. Hence, the clear documentation
of the systematic methodology followed, and lessons learned through
the participatory decision-making process can greatly assist with the
dissemination of this approach into other countries.
Rooted in the evidence-based NCF, our approach to identifying
nurturing care indicators was a result of a stepwise participatory
decision-making methodology including a carefully selected group of
multisectoral stakeholders and experts. This participatory process was
efficient as it led to (i) the identification of indicators already used to
monitor child health as well as access and quality of services in routine
information systems, (ii) the inclusion of SMART properties for the
stakeholders or end users of IMAPI in the calculation of the index and
(iii) the consideration of the attributes of quality and limitations of
each indicator.
The use of a participatory decision-making methodology was a
strength of IMAPI. Participatory decision-making and consensus pro-
cesses can effectively help stakeholders reach consensus through
trust and learning within a reasonable time on a valid outcome
(Devente et al., 2016). Similar participatory consensus methodologies
have been used and proved effective in the selection of indicators in
other areas that are highly relevant to ECD including child well-being
(McQuinn et al., 2019), breastfeeding (Pérez-Escamilla et al., 2018)
and neonatal health (Darmstadt et al., 2014). Another strength of
IMAPI was the systematic engagement of key Brazilian stakeholders
in the technical panels as well as national and international ECD
experts to identify, select and reach consensus on indicators. Engaging
with stakeholders in the decision-making process of selecting indica-
tors can increase the likelihood that stakeholders will support project
goals and implement decisions in the long term (Devente et al., 2016).
Considering IMAPI's goal to combine the selected indicators into
a single overall index and sub-indexes for each NCF domain, taking
into account an evidence-based analytical model is considered critical
to improving reliability by giving higher weight to components with
stronger impact on the outcome (Köhler, 2016). This is particularly
true in the context of comparing municipalities within a given country
(Köhler, 2016). We articulated within the participatory decision-
making process a sound approach to account for SMART properties
of each indicator considering specificity, attributes of quality and
influence on ECD considering the NCF. In fact, the SMART approach
has been described as a strong method to convert any type of weight
assignment technique (i.e. relative/absolute) into numbers/weights
(OECD, 2008; Velasquez & Hester, 2013). It also has been success-
fully used as a multicriteria decision analysis framework in healthcare
with a focus on low- and middle-income countries (Németh
et al., 2019). Through the SMART process, we gained an in-depth
understanding of the different dimensions of each indicator to sup-
port the interpretation of IMAPI indexes. Hence, the SMART
approach can be considered a strength of our methodology.
Furthermore, we identified some challenges related to data access
and quality as well as the need to expand coverage of information and
include new indicators to properly monitor the nurturing care at the
municipal level. Regarding data access, even though we were using
mostly routine governmental information system indicators, some of
the databases were not publicly available. Thus, the request to access
data to estimate multiple indicators, for example, ‘visits by national
home-visiting parenting skills programme’, ‘child immunization’ and
‘coverage of the national conditional cash transfer programme’, went
through a long and bureaucratic administrative process. Furthermore,
despite all the team and stakeholders' efforts in accessing data for
every potential indicator, a few indicators were not made available to
us, for example, ‘the number of children that are wards of the State’.
For data quality, one example happened within the adequate nutrition
NCF domains where indicators mainly came from the Brazilian Food
and Nutrition Surveillance System (SISVAN), which collects continuous
information about nutritional status and food consumption of children
and adolescents receiving primary healthcare services (Mour~ao
et al., 2019). Because of the low coverage of SISVAN across municipali-
ties, states and regions of the country reported previously (Mour~ao
et al., 2019) and confirmed in our study, IMAPI could only include the
coverage of information on infant and young children feeding practices
and nutritional status in each municipality instead of the individual indi-
cators of feeding practices (e.g. breastfeeding, exclusive breastfeeding
and quality and diversity of diet) and nutritional status(e.g. prevalence
of stunting, prevalence of overweight/obesity, prevalence of low
weight for age and prevalence of low weight for height) as originally
planned by the research team. Due to the scarcity of information col-
lected routinely to monitor critical factors influencing ECD outcomes in
the existing national databases, two indicators from cross-sectional
research were incorporated in the adequate nutrition (‘household food
insecurity’) (Gubert & Pérez-Escamilla, 2013) and security and safety
(‘air pollution’) (Brentani, 2020) domains.
Similarly, among the NCF domains, responsive caregiving was the
most challenging domain to identify indicators. To date, there is no
monitoring system of responsive caregiving practices in Brazil. Only
one indicator for the Responsive caregiving domain was identified at
the municipal level, ‘coverage of Criança Feliz home visiting pro-
gramme’, that targets the most vulnerable families in Brazil (Buccini
et al., 2021; Girade, 2018). Although other ECD initiatives and
programmes are being implemented at the municipal level, there is no
national system to collect and monitor this information for all munici-
palities. Thus, Criança Feliz was identified as a proxy of municipality's
effort to supporting parenting skills and ultimately supporting
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responsive caregiving practices. The lack of information on responsive
caregiving across countries has been reported previously (UNICEF
and & Countdown to 2030, 2019). This missing information likely
reflects the small financial investment to enable responsive caregiving
in Brazil (Arregoces et al., 2019) and globally.
In the process of developing IMAPI, we faced some challenges
that must be considered when interpreting nurturing care contexts of
municipalities. First, the availability of indicators at the municipal level.
Many indicators did not have disaggregated information for munici-
palities and were excluded from this version of IMAPI, including ‘basic
sanitation’, ‘excessive alcohol consumption’ and ‘maternal mental
health’. On the other hand, one advantage of using data aggregated at
the municipal level is that the selection of indicators was not limited
to any restrictions on Brazilian protection laws to access individual or
identifiable information. Second, the lack of official data/estimation of
children under 5 years old in the Brazilian population since 2016 made
timeliness an important limitation for 20% of IMAPI's indicators. For-
tunately, an estimation of the Brazilian population, including the popu-
lation of children under 5 years old, was recently launched and will
allow updates of IMAPI indicators for more recent years (Freire
et al., 2019; IBGE, 2020.). Third, one challenge we can anticipate for
the analytical weight when using IMAPI to follow the performance of
municipalities over time is that SMART properties of indicators may
also change over time (OECD, 2008). Fourth, we acknowledge that
the lack of several indicators in the responsive caregiving domain is a
current limitation of IMAPI.
In spite of these challenges, we were able to design and pilot a
systematic methodology for identifying and selecting a set of nurtur-
ing care indicators at the municipal level. In summary, the greatest
strength of IMAPI is the systematic consensus process to identify
indicators using the best information available in existing Brazilian
databases to monitor the domains of the NCF. The selection of IMAPI
indicators was followed by the (i) use of a data engineering approach
to create an index for each domain as well as a single index of the
NCF and (ii) analysing whether IMAPI indexes can discriminate nurtur-
ing care environments across the 5570 municipalities in Brazil, which
are described elsewhere.
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